150-220 g) were divided into 3 equal groups. In group I (control group), 1 mL of 0.9% NaCl saline solution was given intraperitoneally (ip). In group II (cisplatin group), a single dose of 7.5 mg/kg of cisplatin was administered ip. In group III (cisplatin + bilberry group), 7.5 mg/ kg of cisplatin was administered ip, and 200 mg/kg of bilberry was given orally. Bilberry treatment was applied for 10 successive days starting 1 day before cisplatin administration. All the rats were weighed and killed. Then their kidneys were surgically extirpated.
Histologic examination
The kidneys were fixed in 10% formalin solution for 24 h and embedded in paraffin. The kidney tissues were sectioned at 5 µm and stained with hematoxylin-eosin. The sections were examined and photographed by using an Olympus BX-51 light microscope (Olympus Corp., Tokyo, Japan). Five microscopic fields were examined to assess the tissues. The severity of the changes observed were scored as follows: none ( _ ), moderate (+), and severe (++).
Biochemical measurements
MDA levels were assessed by measuring thiobarbituric acid (TBA). The colorimetric absorbance was determined at 532 nm (15) . Specific activity was presented as nmol/mg protein.
Total SOD activity was determined according to the method described by Marklund and Marklund (16) by assaying the autoxidation and illumination of pyrogallol at 440 nm. Data are expressed as USOD/mg hemoglobin. CAT enzyme activity was measured according to the method described by Aebi (17) . GPx activity was measured using H 2 O 2 as substrate according to the method described by Paglia and Valentine (18) in absorbance at 340 nm. Data are presented as UGPx/ mg hemoglobin. All of these were measured in kidney tissue.
Statistical analysis
The Statistical Package for the Social Sciences (SPSS 11.0; SPSS Inc., Chicago, IL, USA) version 11.0 was used for statistical analysis. The significance of differences was calculated using one-way analysis of variance (ANOVA) followed by Tukey's procedure for multiple comparisons. P < 0.05 was taken as statistically significant.
Results
The morphologic characteristics of the kidneys were assessed macroscopically. There was no difference between the groups in relation to the macroscopic features. Kidneys in the control group were normal in histopathologic appearance ( Figures 1A and 1B) . Treatment with bilberry effectively reduced the kidney tissue damage scores in the cisplatin + bilberry treatment group ( Figure 1C ). Severe necrosis, edema, interstitial cell infiltration, and vascular dilatation were seen in group II ( Figure 2A ). Tubular degeneration and hemorrhage were massive in group II ( Figure 2B ). Glomerular atrophy and hemorrhage were observed in cisplatin-administered rats ( Figure 2C ). Cellular damage was higher in the cisplatin group than in the cisplatin + bilberry group. The histopathological changes were scored in Table 1 as follows: none (   _   ) , moderate (+), and severe (++).
The MDA level was significantly lower in group III than in group II (P < 0.05). SOD, CAT, and GPx activities decreased in the cisplatin group compared to the cisplatin + bilberry group, and the differences were statistically significant (P < 0.05) ( Table 2 ). Body weight, kidney weight, and relative kidney weight of control and experimental rats are shown in Table 3 . (19) . The chemotherapeutic treatments used for cancers may damage organs such as the ovaries, liver, and kidneys (20, 21) . Several theories were asserted about cisplatin-induced nephrotoxicity. These mechanisms were lipid peroxidation, mitochondrial dysfunction, degradation of protein structure, and DNA injury (22) (23) (24) . However, the real mechanism is not known. The platinum components of cisplatin bind to DNA. This process leads to DNA damage and cell death (8) . Oxidative stress is another participating factor associated with cisplatin-induced renal damage. SOD, CAT, and GPx activities are increased in cellular membranes due to cisplatin-induced nephrotoxicity (25) . Quercetin is a derivative of a natural flavonoid. It exhibits strong antioxidant activity. Estela et al. (2006) performed a study on cisplatin-induced nephrotoxicity and oxidative stress in rat kidneys (12) . They reported that quercetin administration reversed histological and biochemical changes due to cisplatin. Subsequently, spirulina, erdosteine, simvastatin, grape seed, and taurine were studied as chemoprotective agents on cisplatininduced nephrotoxicity (14, 22, (26) (27) (28) . Bilberry has been used for the treatment of oxidative stress. Various theories have been proposed about the bilberry's mechanism of action. These include antioxidant activities, free radical scavenging properties, anti-inflammatory effects, and vasodilatory action (1,3,4) . Therefore, bilberry could be beneficial for reducing the toxic renal damage due to cisplatin.
Both in vivo and in vitro studies indicate that cisplatin administration results in elevated oxygen free radicals (10, 29) . These oxygen free radicals cause multiple alterations in the cells and organs of animals that are exposed to cisplatin, which results in damage to organs (30) . In the present study the protective effect of bilberry on cisplatin-induced toxic effects in rat kidney was studied. The findings of our study suggest that bilberry may be useful for reducing kidney damage due to cisplatin. Bilberry administered ip at 200 mg/kg preserved the renal tissue and reduced the histological and biochemical changes. Bilberry treatment resulted in a decrease in the level of tissue MDA and an increase in the activities of SOD, CAT, and GPx. This is the first study indicating the preventative effect of bilberry on cisplatininduced nephrotoxicity. Tissue damage criteria such as degeneration, hemorrhage, interstitial cell infiltration, and vascular dilatation were less common in the cisplatin + Values are means ± SD for 7 rats in each group. Significance at P < 0.05. Comparison of cisplatin-treated group with cisplatin and bilberry-treated groups.
bilberry group than in the cisplatin only group. Although our results demonstrated the protective effect of bilberry on cisplatin-induced nephrotoxicity, large prospective randomized trials are required.
In conclusion, bilberry has a significant therapeutic benefit when administered with cisplatin treatment against reductions in body and kidney weight, nephrotoxicity, and oxidative stress. Bilberry may be used as a nutritional supplement to protect the kidney in cancer chemotherapy as an alternative medical resource.
